Introduction
It was planned to organize a bilateral comparison on Time Differences Between Two Pulses between SASO NMCC and TÜBİTAK UME, in the frame of the Project of Development and Realization Measurement and Calibration System for the National Measurement and Calibration Center (NMCC) at Saudi Standards, Metrology and Quality Organization (SASO). This comparison was also registered as GULFMET Supplementary comparison with KCDB identifier GULFMET.TF-S1.
Time Interval measurements are very important for the traceability of measurements of time and frequency. This bilateral comparison was performed by measuring the time intervals generated by a Digital Delay Generator which is modified from DG645 model Digital Delay Generator of Stanford Research Systems (SRS). UME acted as the pilot institute. The travelling standard was provided by TÜBİTAK UME. TÜBİTAK UME was responsible to monitoring standard performance during the circulation and the evaluation and reporting of the comparison results.
The bilateral comparison was carried out in accordance with the "Technical Protocol of Bilateral Comparison on Time Interval Measurements between TÜBİTAK UME and SASO NMCC" [1] .
Travelling Standard
The travelling standard is derived from SRS DG645 Digital Delay/Pulse Generator of Stanford Research Systems. This system includes a single board computer (SBC) to send / receive command to the main system to configure output pulse of DG645 Digital Delay Generator, using TCPIP protocol.
The device generates 12 pre-defined time interval at the range of 500 ps to 40 ms. At the rear panel of the unit there are 12 blue-led to display which time interval has been selected. Those time intervals can be selected by pressing the button which has been located at the rear panel. Each blue-led represents a time interval called ∆Txx. The device requires 10 MHz external reference signal with the fractional frequency better than 1x10 -10 . In order to reduce trigger uncertainty on the output pulses for A and B channels, the Fast Time Rise Time module, model SRD1, used to reduce output pulse rise time to below 100 ps. Travelling standard generates 12 pre-defined time intervals with the following table of signal specifications. The specifications of output signals for AB and CD channels are closely the same. Those time intervals are selected by pressing the switch on the rear panel and the corresponding led from led panel shows which time interval has been selected.
In this comparison the time intervals, ∆T02, ∆T04, ∆T06, ∆T08, ∆T010 and ∆T12 were selected in the measurement of both time interval counter and high speed oscilloscope. Due to specification of High Speed Oscilloscope of SASO, the measurement of ∆T10 and ∆T12 was not carried out in time interval measurement using high speed oscilloscope.
The travelling standard was supplied by TÜBİTAK UME.
Participant Laboratories
The pilot laboratory for this comparison was TÜBİTAK UME (Turkey). The contact details of the coordinator are given below: The participating institutes and contact persons with their addresses are given in Table 2 . 
Time Schedule
The time schedule for the comparison is given in the Table 3 . The circulation of travelling standard was organized so that to monitor the performance of the travelling standard. Each laboratory had 2 weeks to carry out the measurements and transportation. 
Measurement Technique
The measurement techniques used by each participant is given in Annex A and Annex B.
Discussion of the Results
The uncertainties of the measurements were calculated according to the JCGM 100 "Guide to the Expression of Uncertainty in Measurement" [2] for the coverage probability of approximately 95 %. All the contributions to the measurement uncertainty listed in the report were submitted by each participant. Each participant was also asked to provide the detailed uncertainty budget and the combined standard uncertainty for the aforementioned measurands. The uncertainty budgets provided by the participant and the full set of reported results can be found in Appendix A and Appendix B.
The comparison reference value as a mean value and its uncertainty were calculated using Equations 1 and 2. Where; is the result of first measurement performed by TÜBİTAK UME is the result of second measurement performed by TÜBİTAK UME is the expanded uncertainty of the first measurements performed by TÜBİTAK UME is the expanded uncertainty of the second measurements performed by TÜBİTAK UME The comparison reference values and its uncertainties for each time intervals are presented in Table 4 and Table 5 for the counter measurements and the high speed oscilloscope measurements respectively.
Degrees of equivalence,
, is calculated by subtracting the comparison reference value from the each measurements Equation 3 and its uncertainty, , is calculated according to the Equation 4. Degrees of equivalence values and their uncertainties can be found in Table 6 and Table 7 for the counter measurements and the high speed oscilloscope measurements respectively.
The graphics of s are given in Figure 2 -7 for the time interval counter measurements and in Figure 8 to 11 for the high speed oscilloscope measurements. 
MEASUREMENT METHOD
Time Interval Measurements for bilateral comparison has been carried out by using both the time interval counter (TIC) and high speed digital oscilloscope. The time intervals between AB and CD channels outputs of DG645 Delay Generator were measured. The reference time intervals are defined between appearing rising slopes at the ends of the BNC connectors at the AB and CD outputs at the same trigger level.
In order to reduce differential channel delays of the measurement devices and differential delays of the used connecting cables between Delay Generator and the measurement devices, each measurement performed at two stages as shown in Figure 1 . Both the measurement and the delay generator devices are triggered externally from Cs frequency standard. 
MEASUREMENT MODEL
In the measurements carried out by using both counter and oscilloscope, same model function have been used:
: The time interval measurement between start and stop signal of DG645.
: First time interval measurement between start and stop signal of DG645 for stage 1.
: Second time interval measurement between start and stop signal of DG645 for stage 2.
Δ : Time base correction factor.
: Long term stability of DG645 Delay Generator. It estimated as about 60 ps with rectangular distribution.
: Resolution effects of measurement devices.
: Systematic uncertainty of measurement devices.
MEASUREMENT RESULTS
The time interval delay measurement results are presented in Table 1 and Table 2 using Time
Interval Counter and high speed oscilloscope respectively. 
UNCERTAINTY BUDGETS
The uncertainty budgets for first and last measurements are same and given in Table 3 and  Table 4 . (Fig 1.) . After that we change the cables (Fig 2. ) to cancel delay of external cables. Second, measured time difference between the start signal of Digital Delay Generator and the stop signal using High speed Oscilloscope 50 GHz (Fig 3. ). After that we change the cables (Fig 4. ) to cancel delay of external cables. Because of the digital sampling oscilloscope has not external reference input, after and before starting each measurement, we calibrated internal oscillator of oscilloscope by using 10 MHz of Cs clock. 
